Objectives: To determine hospital resource utilization, associated costs and the risk of complications during hospitalization for four types of surgical resections and to estimate the incremental burden among patients with cancer compared to those without cancer.
Background
Complex surgery and prolonged surgery time during organ resections can impair recovery and short-term outcomes, including extending hospital length of stay [1] [2] [3] . Additionally, surgical complexity and preoperative risk factors are associated with greater hospital costs [4, 5] . The National Surgical Quality Improvement Program of the American College of Surgeons has identified >50 preoperative risk factors, including comorbidities of cardiovascular disease, renal failure, cancer, and diabetes, and patient factors, such as age, body mass index, and prior chemo-radiation for risk stratification of patients undergoing surgery [6] . With differences in risk factors and perioperative situations, patients with cancer represent a distinct population of patients from those without cancer for surgical resection procedures [7] . Specifically among patients who underwent colon, rectal, and pancreatic resections for cancer, greater surgical complexity has been associated with worse outcomes in the 30 days following procedures [3] . Also, a study of 59,525 women who underwent hysterectomies reported a significantly longer operating time and a two-fold higher complication rate among women with gynecologic malignancies compared to women with benign conditions [8] . Better understanding of the current hospital and economic burden of technically challenging surgical resections may assist with assessing the value of new technologies that may reduce healthcare resource utilization and costs. The objectives of this study were to determine hospital resource utilization, the associated costs, and the frequency of complications during hospitalizations for four common surgical resections and to additionally estimate the incremental burden among patients with cancer undergoing these resections.
Methods

Study population
This study was cross-sectional in design and from a US hospital perspective. Patients were identified from the Premier Research Database between January 2008 and December 2014, who had any of the following types of elective surgical resections with open or minimally invasive approaches: lung lobectomy, lower anterior resection (LAR) of the rectum, wedge resection of the liver or total hysterectomy. The Premier Research Database contains complete clinical coding, hospital cost, and patient billing data from more than 600 hospitals throughout the US. Although the database excludes federally funded hospitals (e.g., Veterans Affairs), the hospitals included are nationally representative based on bed size, geographic region, location (urban/rural), and teaching status. The database contains a date-stamped log of all billed items by cost-accounting department including medications; laboratory, diagnostic, and therapeutic services; and primary and secondary diagnoses for each patient's hospitalization. Additionally, the database also provides patient demographic and payer information. For all patients included in the four study groups, cancer status was determined based on the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) diagnosis codes (lung cancer: 162.XX; colorectal cancer: 153.X, 154.X; liver cancer: 155.X; uterine, cervical, or adnexal cancer: 179.X, 180.X, 182.X, 183.X, and 184.X).
Demographics, hospital, and clinical characteristics
Patient demographics and hospital characteristics evaluated during the index hospitalization for surgical resection included age, sex, marital status, race, payer type, surgical approach (if available), hospital geographic region, hospital teaching status, urban vs. rural hospital, hospital bed size and surgical volume, operating physician specialty, calendar year of surgery, and an indicator for whether hospital costs were derived from procedural hospital records or a cost to charge ratio. Patient comorbidities, identified by the presence of an ICD-9-CM code on hospital discharge records, were additionally evaluated and included diabetes, hypertension, obesity, alcohol abuse, cardiac arrhythmia, congestive heart failure, depression, hypothyroidism, AIDS/HIV, liver disease, pulmonary circulation disorders, peripheral vascular disease, rheumatoid arthritis, renal failure, valvular disease, cerebrovascular disease, and myocardial infarction.
Outcome measurements
Hospital resource utilization in categories of operating room time (ORT), hospital length of stay (LOS), and total hospital costs (inflation adjusted to 2014 USD) were evaluated. Furthermore, the frequency of complications during hospitalizations was determined based on ICD-9-CM diagnosis codes and included general complications of bleeding and infection.
Statistical analyses
Generalized estimating equation (GEE) models with the appropriate distribution and link functions tailored to the empirical distributions of each outcome were used to control for differences in patient, procedural and hospital characteristics in comparing outcomes between patients who underwent resections for cancer vs. noncancer conditions. Adjusted outcomes were generated for each of the comparator groups using the least squares means approach. Covariates included in the GEE models were age, sex, marital status, race, payer type, procedural approach, patient comorbidities, urban vs. rural hospital, hospital teaching status, hospital geographic region, hospital bed size and procedure volume, operating physician specialty, calendar year of surgery, and hospital procedural costing type. Analyses were conducted among patients within the different resection groups accounting for the clustering of patients within hospitals. All analyses were conducted using SAS version 9.4. P-values of <0.05 (two-sided) were considered statistically significant.
Sensitivity analyses were conducted to test the robustness of the primary results. In lung lobectomy and total hysterectomy cohorts where data on surgical approaches were available, analyses were stratified by open versus minimally invasive approaches (i.e., lung lobectomy: video-assisted thoracoscopic surgery (VATS); hysterectomy: laparoscopic, laparoscopically assisted vaginal hysterectomy (LAVH), vaginal) to examine the incremental effect of cancer in specific approaches.
Results
Demographics, comorbidities, and hospital characteristics
Among the identified patients who underwent surgical resection, 23 858 (87.9% with cancer) underwent lung lobectomy, 13 522 (63.8% with cancer) underwent LAR, 2916 (30.0% with cancer) underwent liver wedge resection, and 225 075 (11.3% with cancer) underwent total hysterectomy. Patient demographics, comorbidities, and hospital characteristics are shown in Tables 1, 2 and 3 , respectively, for the study groups with the different types of surgical resections and stratified by cancer status (yes vs. no).
Hospital resource utilization, associated costs, and complications
Unadjusted hospital resource utilization, associated costs, and complications for the overall populations and the stratification by year of hospitalization are shown in Tables 4, 5 , 6, 7.
Patients undergoing lung lobectomy
Among the overall study population that underwent lung lobectomy, mean ORT was 242.4 min, mean LOS was 7.2 days and the mean total hospital cost was $26 661. Mean hospital LOS showed a steady decrease over time, decreasing from 7.7 days in 2008 to 6.8 days in 2014. Mean ORT and hospital costs did not show a particular trend; they both peaked in 2012 (257.7 min, $29 252) before decreasing to an average ORT of 242.4 min and costs of $25 065 in 2014. Among patients who underwent lung lobectomy, bleeding and infection rates were 9.8%, and 8.5% respectively. The proportions of patients with bleeding (7.0% to 11.5%) numerically increased from the years 2008 to 2014, while the proportions of those with infections numerically decreased (9.8% to 7.7%).
Patients undergoing LAR
Among the overall study population that underwent LAR, mean ORT was 235. 6 
Patients undergoing liver wedge resection
Among the overall study population that underwent liver wedge resection, the mean ORT was 280.5 min and mean LOS was 6.4 days. Total mean hospital cost was $25 738. 
Patients undergoing total hysterectomy
Among the overall study population that underwent total hysterectomy, mean ORT was 162.7 min and mean LOS was 2. Incremental effect of cancer on hospital ORT, LOS, costs, and complications after adjusting for patient, procedural, and hospital characteristics
The incremental effect of cancer on hospital resource utilization in the four surgical resections are shown in Figs. 1, 2, 3 and the incremental effect of cancer on complications in shown in Table 8 .
Patients undergoing lung lobectomy
Among patients who underwent lung lobectomy, the mean ORT (244.9 vs. 237.4 min, p = 0.017), mean LOS (7.1 vs. 6.6 days, p < 0.001), and mean hospital cost ($26 631 vs. $24 387, p < 0.001) were statistically higher by 3.2%, 8.2%, and 9.2%, respectively for patients with cancer in comparison to patients without cancer. The risks for bleeding (OR: 1.24; 95% CI: 1.08-1.43), and infection (OR: 1.48; 95% CI: 1.21-1.80) among this study group were significantly greater for patients with cancer relative to those without cancer.
Patients undergoing LAR
Among patients who underwent LAR, the mean ORT (238.6 vs. 223.3 min, p < 0.001), mean LOS (6.5 vs. 6.0 days, p < 0.001), and mean hospital cost ($19 371 vs. $17 672, p < 0.001) were statistically higher by 6.9%, 9.4%, and 9.6%, respectively for patients with cancer in comparison to patients without cancer. The risks for bleeding and infection among this study group were not significantly different for patients with cancer relative to those without cancer.
Patients undergoing liver wedge resection
Among patients who underwent liver wedge resection, the mean ORT (285.1 vs. 271.7 min, p = 0.02), mean LOS (6.7 vs. 5.8 days, p < 0.001), and mean hospital cost 
Sensitivity analyses of patients with different surgical approaches and impact of cancer on outcomes
The results of the sensitivity analyses are shown in Table 9 . Among patients who underwent lung lobectomy with an open approach (N = 14 161) mean LOS and hospital cost were statistically higher by 6.2%, and 5.4%, respectively for patients with cancer in comparison to patients without cancer. The risk for infection was significantly greater for patients with cancer vs. patients without cancer. These results are generally consistent with the results found in the overall population undergoing lung lobectomy; however, the magnitude of incremental economic burden associated with cancer was lower compared to the overall sample. Among patients who underwent lung lobectomy with VATS (N = 9697) the mean ORT, LOS, and hospital cost were statistically higher by 7.4%, 10.9%, and 11.3%, respectively for patients with cancer in comparison to patients without cancer. The risks for bleeding, and infection were significantly greater for patients with cancer vs. patients without cancer. These results are generally consistent with the results found in the overall population undergoing lung lobectomy; however, the incremental burden of cancer was higher in the sub-group of patients undergoing VATS.
Among patients who underwent total hysterectomy with an open approach (N = 118 255) the mean ORT, LOS, and hospital cost were statistically higher by 17.2%, 34.3%, and 34.3%, respectively for patients with cancer in comparison to patients without cancer. The risks for bleeding and infection were significantly greater for patients with cancer vs. patients without. These results are generally consistent with the results found in the overall population undergoing hysterectomy; however, the incremental burden associated with cancer was higher in patients undergoing an open approach.
Among patients who underwent total hysterectomy by a minimally invasive approach (N = 106 820; i.e., laparoscopic, vaginal, LAVH) the mean ORT, LOS, and hospital cost were statistically higher by 16.1%, 4.6%, and 21.1%, respectively for patients with cancer in comparison to patients without cancer. These results are generally consistent with the results found in the overall population undergoing hysterectomy; however, the association of cancer and outcomes was lower than in the overall sample. In contrast to results of the overall population of women who underwent total hysterectomy, the risks for bleeding and infection were similar for patients with cancer and those without cancer. 
Discussion
Based on this large hospital database analysis, patients who undergo lung lobectomy, LAR, liver wedge resections, or total hysterectomy for a cancer indication were found to have significantly increased hospital resource utilization compared to these same surgeries for benign indications. This study was unique in terms of being one of the few large scale analyses in the real-world setting of a large sample of patients undergoing surgeries of diverse anatomies (lung, rectum, liver and uterus) over multiple years. The results of the sensitivity analyses of the subpopulations of patients with lung lobectomy and total hysterectomy stratified by surgical approach (traditional open vs minimally invasive) were generally consistent with that of the overall corresponding study groups. The impact of having a cancer indication on outcomes was greater among patients who underwent VATS lobectomy compared to an open surgical approach. Contrastingly, the impact of cancer on outcomes was less among women who underwent minimally invasive total hysterectomy compared to an open surgical approach. Across all surgical resections, patients with a cancer indication were older and more likely to have comorbid conditions. These differences in perioperative risk factors may potentially contribute to greater hospital resource use and higher complication rates of cancer patients undergoing surgical resections [9] . However, after adjusting for differences in patient characteristics, a cancer indication was independently associated with greater hospital resource use (LOS and ORT), higher total hospital costs, and greater bleeding and infection complication rates in this study. These results quantify the importance of taking into consideration critical patient characteristics such as the indication for surgery when selecting the most appropriate clinical and surgical strategies.
For the majority of surgical resections evaluated in this study, recent comparative data on hospital resource utilization and costs are limited, especially in the context of patients with cancer. A study of 3818 patients with lung cancer who underwent VATS lobectomy between 2009 and 2011 reported an average ORT of 252 min, LOS of 5.8 days, and hospital cost of $20 477 [10] . For comparison, in our study patients with VATS lobectomy for cancer had an average ORT of 254.4 min, LOS of 5.8 days, and hospital cost of $25 690. The greater hospital costs observed in our study is likely explained by the different study years included and that our costs were inflation adjusted to 2014 USD. Otherwise, the results are quite consistent with those of Swanson et al. [8] . Furthermore, there is evidence that women with gynecologic cancers more frequently undergo bilateral salpingoophorectomy than women with benign disease [12] . The greater hospital resource use, costs, and complication rates associated with oncologic surgical resections relative to benign indications could be attributed to several differences in the surgical techniques required, extended tissue resection for adequate margins, lymph node dissection for staging, and/or the resection of ancillary tissues [13] [14] [15] . Other factors unique to cancer [13] . This large scale analysis in the real-world setting provides information for clinicians, hospital administrators, and other healthcare stakeholders about the economic burdens of the evaluated surgical resections. Variation in outcomes based on cancer as opposed to other indications may have major implications on assessing hospital performance and it is critical to account for indication specific data when evaluating hospital quality and benchmarking hospital performance [7] . The results of our study imply that when hospitals are risk stratifying surgical procedures, cancer is an important marker of complexity. These challenging patients and surgically complex procedures require innovative improvements in clinical care and may potentially benefit from improved medical devices and surgical techniques to further optimize their surgical outcomes.
Our data also provide valuable information on the trends of surgical outcomes among a large population of patients with surgical resections over a period of 7 years. In the study groups of patients with lung lobectomy, LAR, and liver wedge resection, the length of hospital stay declined from 2008 to 2014; this could be attributed to secular improvements in surgical technique and the increased utilization of minimally invasive techniques in conjunction with the proliferation of prospective payment systems that incentivize hospitals to reduce LOS. In regard to complication rates, the incidence of bleeding during hospitalization increased from years 2008 to 2014 across all study groups with organ resections, while the incidence of infection decreased among those with lung, colon, and liver resections. The decrease in infection rates could potentially be attributed to improved hospital practices. An increase in the incidence of bleeding is significant, especially for patients with lung lobectomy, as bleeding has been associated with increased hospital length of stay and a substantial increase in hospital costs among patients with lung resection surgery in the US [16] .
Limitations
This study was a retrospective study and the results are observational. Measurements of patient and hospital characteristics were evaluated descriptively and not statistically compared. Patient data in the study was only representative of hospital costs and excluded outpatient healthcare utilization and costs. Also, this study reflects surgeries conducted in the inpatient setting (>24 h involving an overnight stay) and does not capture the growing volume of surgeries conducted in outpatient settings or stand-alone ambulatory surgical centers. Clinically important missing variables which may represent unmeasured confounders, such as stage of cancer, actual anatomic location, prior operations, prior radiation/chemotherapy, missing approach for liver wedge resection and LAR, measures of patient comorbidity burden, such as American Society of Anesthesiologist (ASA) score or nutritional status, and devices/technology utilized were not evaluated. Although the study controlled for multiple factors including comorbidity indices and conditions; total risk adjustment may not be feasible in such studies. Also, the study focused only on general complications that occur in most surgeries (bleeding and infection) and did not examine important anatomically specific complications such as air leaks for thoracic lobectomies and anastomotic leaks for LAR.
Conclusion
In this analysis, we found that patients who underwent lung lobectomy, lower anterior resection of the rectum (LAR), liver wedge resection or total hysterectomy for a cancer indication have significantly increased hospital resource utilization compared to these same surgeries for benign indications. Utilizing the most effective clinical strategies inclusive of innovative surgical technologies and techniques may help reduce the economic burden among complex oncologic surgical resections.
